RNA interference (RNAi) is a gene-silencing phenomenon that involves the double-stranded RNA-mediated cleavage of mRNA, and small interfering RNAs (siRNAs) can cause RNAi in mammalian cells. There have been many attempts to clarify the mechanism of RNAi, but information about the relationship between the sequence and structure, in particular, a tight structure, of the target RNA and the activities of siRNAs are limited. In the present study, we examined this relationship by introducing the TAR element, which adopts a very stable secondary structure, at different positions within target RNAs. Our results suggested that the activities of siRNAs were affected by the tight stem±loop structure of TAR. In contrast, the position of the target within the mRNA, the binding of the Tat protein to the TAR, and the location of the target within a translated or a noncoding region had only marginal effects on RNAi. When the target sequence was placed in two different orientations, only one orientation had a signi®cant effect on the activities of siRNA, demonstrating that the presence of certain nucleotides at some speci®c positions was favorable for RNAi. Systematic analysis of 47 different sites within 47 plasmids under identical conditions indicated that it is the target sequence itself, rather than its location, that is the major determinant of siRNA activity.
INTRODUCTION
RNAi (RNA interference) is a gene-silencing phenomenon that involves the double-stranded RNA (dsRNA)-mediated cleavage of mRNA. It has been demonstrated in plants, nematodes, Drosophila, protozoa and mammalian cells (1±8). In RNAi, dsRNA is cleaved into small RNAs of~21±25 nt in length, referred to as small interfering RNAs (siRNAs). Dicer, a member of the ribonuclease III family (9±15), catalyzes these endonucleolytic cleavages. The siRNAs form a multicomponent nuclease complex known as an RNA-induced silencing complex (RISC) (16±19) and the siRNAs function as guide RNAs, directing the complex to the target mRNA (17, 19) . The targeted mRNA is recognized by protein factors within the RISC and cleaved by the action of a nuclease within the RISC (16, 18) .
RNAi has been exploited as a powerful tool in reversegenetic studies of Caenorhabditis elegans (20, 21) , and speci®c and ef®cient RNAi has been achieved in mammalian cells with duplexes of 21 nt RNAs that form a 19 bp region with a 2 nt 3¢ overhang (4,6,22±24) . Such a duplex is small enough to bypass the interferon responses of differentiated cultured cells (23) . Thus, RNAi has the potential to become a valuable tool for analysis of the biological functions of genes in mammalian cells.
It is now possible to generate siRNAs in cells from various expression vectors and, therefore, both synthetic and vectorderived siRNAs can be used in the functional analysis of genes of interest in mammalian cells (12,25±33) . Several studies exploiting RNAi have been performed (8) . Although the dependence of the activities of siRNAs on their target sequences was reported recently (26,27,34±37) , the selection of the best target site is often dif®cult (12) . The published data suggest that the GC content of the target sequence, the position and accessibility of the target site, and the strength of terminal base-pairings of siRNAs are important.
In this study, to analyze in greater detail the parameters that govern the activities of siRNAs, we constructed a series of structured target RNAs and systematically analyzed the extent of RNAi in the presence and in the absence of a protein that can interact with the target RNAs.
MATERIALS AND METHODS

Construction of plasmids
In most experiments ( Fig. 1) , we used the vector pTAR-GL2, which contains a TAR motif (Fig. 1B) upstream of the initiation codon of the ®re¯y luciferase gene. To compare the effects of position of the TAR motif and other target sequences on RNAi, we constructed derivatives of pGL3 (pGL3-control vector; Promega, Madison, WI; accession no. U47296) that had a TAR element downstream of the stop codon of the ®re¯y luciferase gene or that had the sequence that is normally located around the stop codon of the ®re¯y luciferase gene in pTAR-GL2 upstream of the initiation codon of ®re¯y luciferase gene or downstream of the stop codon of this gene (Fig. 1A) .
The vector with a TAR motif downstream of the stop codon of the ®re¯y luciferase in pGL3 was constructed as follows. TAR and the sequential LTR sequence of pTAR-GL2 (TAR motif) were ampli®ed by PCR with primers that included an XbaI site, namely, 5¢-GCG CTC TAG AGG GTC TCT CTG GTT AGA-3¢ and 5¢-GGG CTC TAG ATG CCA AGC TTT ATT GAG G-3¢. The ampli®ed fragment was ligated into the XbaI site of pGL3 and two kinds of vector were obtained, one had the TAR motif inserted in the forward orientation (pGL3-3¢TAR-FWD) and the other had the TAR motif in the reverse orientation (pGL3-3¢TAR-REV).
We also constructed a vector, pGL3-3¢TAR-FWD(±), by deleting two stop codons from the pGL3-3¢TAR-FWD. First, the original stop codon, TAA, of ®re¯y luciferase gene was changed to AAA, and then the TAG triplet, located in the ®rst XbaI site, was changed to AAG. Sequences between the SgrAI site and the FseI site of pGL3-3¢TAR-FWD were ampli®ed by PCR with two sets of primers, GTG TCG CAG GTC TTC CCG plus CCA GAG AGA CCC TCT TGA ATT TCA CGG CGA TCT TTC C, and GGG AAG ATC GCC GTG AAA TTC AAG AGG GTC TCT CTG G plus TCT TAT CAT GTC TGC TCG AAG (bold letters show mutations that were introduced to eliminate stop codons). The ampli®ed fragments were combined by further PCR and ligated into the SgrAI site and the FseI site of pGL3. In this construct, the ®rst stop codon, TAA, is located within target site TAR5 (this target site is outside the stem±loop structure of TAR).
The vector with the stop-codon region of the ®re¯y luciferase gene of pTAR-GL2 upstream of the initiation codon of the ®re¯y luciferase gene in pGL3 was constructed as follows. The sequence that included the stop codon of pTAR-GL2 was ampli®ed with two sets of primers, which contained a HindIII and an NcoI site, respectively: FWD (5¢-CTG AAG  CTT AAT ACT CTA GAG GAT CTT TGT-3¢ plus 5¢-CGG  TCC ATG GTA GGT AGT TTG TCC AAT TAT-3¢) and  REV (5¢-GAC AAG CTT ACA CCA CAG AAG TAA GGT  TCC-3¢ plus 5¢-CGG CCC ATG GTT GTA AAA TGT AAC  TGT ATT-3¢) . The ampli®ed fragments obtained with primer set FWD and primer set REV were ligated into the HindIII site and the NcoI site of pGL3 and newly constructed vectors were designated pGL3-5¢Stop-FWD and pGL3-5¢Stop-REV, respectively.
The stop-codon region of pTAR-GL2 was also introduced after the stop codon of the ®re¯y luciferase gene of pGL3 as follows. The stop-codon region of pTAR-GL2 was ampli®ed with primers that contained an SpeI site, namely, 5¢-CTG ACT AGT TGT AAA ATG TAA CTG TAT TCA-3¢ and 5¢-CGG ACT AGT TAG GTA GTT TGT CCA ATT AT-3¢. The ampli®ed fragment was ligated into the XbaI site of pGL3, and two kinds of vector were obtained, one having the insert in the forward direction (pGL3-3¢Stop-FWD) and one having the insert in the reverse direction (pGL3-3¢Stop-REV).
We also constructed derivatives of pGL3 with 23mer target sequences after the stop codon of the ®re¯y luciferase gene. The DNAs with each siRNA target sequence (sense and antisense sequence: CTAGT-N 23 -A) were synthesized commercially (Proligo, Kyoto, Japan). A mixture of sense and antisense DNAs was phosphorylated with T4 polynucleotide kinase. After incubation at 37°C for 1 h, the enzyme was inactivated by heating at 95°C for 1 min and DNAs were allowed to anneal at room temperature. The various fragments were ligated separately into the XhoI site of pGL3.
Preparation of siRNAs
Each strand of siRNAs was synthesized chemically, by Japan Bio Service (Saitama, Japan) as a 19mer RNA and as 3¢-dimeric DNA chimeras. It has been reported that the 5¢-OH group must be phosphorylated before formation of RISC can occur (19) and that the activity of 5¢-OH siRNA is lower than that of 5¢-phosphorylated siRNA (38) . Therefore, we used siRNAs that had been 5¢-phosphorylated chemically. The sequences of the siRNAs used in this study (Figs 2±5) are shown in Table 1 . The annealing of sense and antisense strand RNA±DNA chimeras was performed as described previously (26) . We examined the annealing ef®ciency of 5¢-phosphorylated sense and antisense strands under the previously described conditions using 5¢ 32 P-labeled sense and antisense RNA±DNA chimeras targeted to the TAR motif (for this experiment, the synthetic RNAs had 5¢-OH groups). As shown in Figure 2D , the annealing ef®ciencies for these siRNA were at least 77%. Even TAR1, of which each strand alone was able to form a stem±loop structure, yielded nearly 96% siRNA.
Introduction of siRNAs by transfection and the dual luciferase assay
The RNAi assay was performed under the conditions described previously (26) . We cultured HeLa S3 cells (3 Q 10 4 cells/well) in 48-well plates for 24 h before transfection with the ®re¯y luciferase expression vector (pTAR-GL2, pGL3 or derivatives of pGL3), the Tat expression vector (pCD-SRa/Tat), the Renilla luciferase expression vector (pRL-RSV), and annealed siRNA, using LipofectamineÔ 2000 (Invitrogen, Carlsbad, CA). The ®nal amount of each vector was 25 ng in 250 ml and the ®nal concentration of siRNA was 1 nM. After further incubation for 24 h, the activities of the ®re¯y luciferase and the Renilla luciferase were measured with a dual luciferase assay kit (Promega) and a Lumat detection system (LB9501; Berthold, Bad Wildbad, Germany).
RESULTS AND DISCUSSION
Design of plasmids
To examine the effects on RNAi of the tight structure, position and sequence of a target RNA and of binding of a peptide to such a target, we constructed 47 plasmids, as shown schematically in Figure 1A . To investigate the effects of both tight structure and the binding of a peptide to the target, we chose the TAR motif. To examine positional effects, we placed the TAR motif on either the 5¢ or the 3¢ side of a ®re¯y luciferase gene, generating pTAR-GL2 and pGL3-3¢TAR-FWD, respectively. To examine the effects of the tight structure of the TAR motif, we¯ipped the TAR sequence within pGL3-3¢TAR-FWD to yield pGL3-3¢TAR-REV, in which the nonfunctional¯ipped target motif retained the original tight structure of the TAR motif. If the tight structure itself, but not the binding of Tat protein to TAR, were to govern the activity of siRNA, the nonfunctional`¯ipped' TAR derived from pGL3-3¢TAR-REV should give results similar to those obtained with pGL3-3¢TAR-FWD.
To distinguish the effects of sequence from the effects of structure, we isolated the target sequence from the TAR motif (TAR1-TAR5 in Fig. 1B) , as well as all the other target sequences (Stop1±Stop5, ATG1±ATG2, Luc1±Luc3) used in this study, and placed each individual target sequence in the same 3¢-untranslated region, in the forward and, separately, in the reverse orientation, generating sets of pGL3-3¢(Target site)-FWD and pGL3-3¢(Target site)-REV (Fig. 1A , bottom two plasmids). In these constructs, the sequences surrounding each individual target sequence were unchanged.
To analyze the effects of the ribosomes or associated helicases on the activities of siRNAs, we deleted the stop codons before the target site of pGL3-3¢TAR-FWD, generating pGL3-3¢TAR-FWD(±). In the presence of a stop codon, the ribosome complex would be released before reaching the target site while, in the absence of a stop codon, the target site in the TAR motif might be unwound and scanned by the ribosome (39±42).
In other cases, we chose genes for two similar ®re¯y Photinus pyralis luciferases, namely, GL2 and GL3, whose nucleotide sequences are 95% homologous but whose computer-predicted secondary structures are quite different. Using these genes, we were able to target the same sequence within two different secondary structures and to examine the effects of the surrounding structure (pTAR-GL2-pGL3).
Finally, to examine the effects of the sequence and position of the target site within a noncoding region on RNAi, we placed the 3¢-untranslated region of pTAR-GL2 in the forward (pGL3-3¢Stop-FWD) and in the reverse (pGL3-3¢Stop-REV) orientation, as well as within the 5¢-untranslated region (pGL3-5¢Stop-FWD and pGL3-5¢Stop-REV; Fig. 1A , middle).
TAR is an unfavorable target for siRNAs regardless of its position
We examined the effects of target structure on RNAi using tightly structured TAR RNA as target. We varied the position of TAR and investigated RNAi both in the presence and in the absence of the Tat protein ( Fig. 2A, top) . We synthesized chemically ®ve sets of siRNAs directed against the TAR sequence (Fig. 1B) . Each of the ®ve target sites (TAR1± TAR5) in the mRNA transcribed from pTAR-GL2 was strongly protected from cleavage by the siRNAs (Fig. 2A , top, black bars). Under the conditions of our experiments, the maximum RNAi effect was 50% at the TAR4 site. To examine positional effects, we placed the TAR motif downstream of the stop codon, generating pGL3-3¢TAR-FWD, and compared the activities of several siRNAs. As indicated by the black and gray bars in the top panel in Figure 2A , siRNAs targeted to the TAR sequence were not very effective, irrespective of whether the target site was located before the initiation codon (black) or after the stop codon (gray). Furthermore, the patterns of ef®cacy were similar. These results support the hypothesis that ef®ciency of RNAi is more dependent on the structure and/or sequence of the target than on its position. The Tat protein does not in¯uence the effects of siRNAs directed against the TAR motif To examine the effects on RNAi of the binding of the Tat protein to the TAR motif, we compared the ef®ciencies of siRNAs directed against the TAR motif in the presence and in the absence of a Tat expression vector. In the absence of the Tat expression vector, the absolute luciferase activity due to pTAR-GL2 was reduced dramatically (the reduction was at least 1000-fold, as anticipated from the putative Tat±TAR interaction and the Tat-mediated activation of transcription). Thus, in the absence of Tat protein, accurate and reproducible measurements were not possible (data not shown). Therefore, we made the comparison using pGL3-3¢TAR-FWD (in which the TAR motif was at the 3¢ end of the ®re¯y luciferase gene). In this case, the Tat-mediated activation of pGL3-3¢TAR-FWD was marginal since the gene was under the control of an SV40 promoter. Comparison of the effects of siRNAs revealed that the activities of the siRNAs showed a similar trend in the presence and in the absence of the Tat protein ( Fig. 2A , top, gray and white bars), indicating that the effects of the binding of the Tat protein were marginal.
The Tat protein had, of course, no nonspeci®c effect on the activities of siRNAs, as demonstrated by the use of the reversed TAR sequence in pGL3-3¢TAR-REV. In this case, the Tat protein was unable to bind to target sites ( Fig. 2A , bottom, gray and white bars). The same was true for other target sites that lacked the TAR motif (around Luc2 site; see Fig. 4A , gray and white bars). Taken together, our results indicated that the Tat protein had no effects on the activities of the siRNAs, at least when the target sites were hidden within a tightly structured RNA.
The activities of siRNAs directed against the TAR motif are mainly affected by the structural environment
The effects of the siRNAs directed against the TAR motif were very small but it was unclear whether this phenomenon was due solely to the effects of structure. To clarify this issue, we constructed derivatives of pGL3 that included only a target site, without the rest of the TAR sequence, with each respective target sequence inserted at a common site, surrounded by the identical sequences. These derivatives were designated pGL3-3¢(Target site)-FWD and pGL3-3¢(Target site)-REV (Fig. 1A, bottom) . The vectors had the same sequence apart from an inserted 23 bp sequence and none of the target sites was able to adopt a structure similar to its original structure in pTAR-GL2. In this way, we were able to evaluate the intrinsic activity associated with each target sequence.
We could not exclude the possibility that some or all of the inserted target sequences might have been able to form new base pairs with the surrounding sequences. However, in the case of target sites (Stop1±Stop5) which were not in a strict stem±loop structure, the ef®ciencies of the siRNAs were, in general, almost the same as those observed with the original reporter vector (pTAR-GL2), indicating that the effect of isolation of each target site was very small (see below and Fig. 5 ). In contrast, in the case of siRNAs targeted to the TAR TAR1  CUCUCUGGUUAGACCAGAU-CT  AUCUGGUCUAACCAGAGAG-AC  TAR2  AGACCAGAUCUGAGCCUGG-GA  CCAGGCUCAGAUCUGGUCU-AA  TAR3  GGGAGCUCUCUGGCUAACU-AG  AGUUAGCCAGAGAGCUCCC-AG  TAR4  UGGCUAACUAGGGAACCCA-CT  UGGGUUCCCUAGUUAGCCA-GA  TAR5  CUUAAGCCUCAAUAAAGCU-TG  AGCUUUAUUGAGGCUUAAG-CA  ATG1 CGGUACUGUUGGUAAAAUG
CAUAAUUGGACAAACUACC-TA GGUAGUUUGUCCAAUUAUG-TC GFP GACGUAAACGGCCACAAGU-TT ACUUGUGGCCGUUUACGUC-TT motif (Fig. 2B, top) and the reversed TAR motif (Fig. 2C ), activities were higher at practically all positions when the target sequence was isolated from the tight hairpin-like structure (TAR1±TAR4). The same improvement in siRNA activity was observed even at higher concentrations of siRNA (10 or 100 nM; Fig. 2B , middle and bottom) indicating that the low ef®ciencies for structured target sites were not due to our choice of the low concentration of siRNAs (1 nM) used in this study.
Our results indicated that the low ef®ciencies of siRNAs directed against sequences around the TAR sequence were due to the tight structure itself, perhaps not exclusively but, at least, to a signi®cant extent. Thus, in almost all cases (the exception being the less-structured TAR5 at 1 nM siRNA; Fig. 2B, top) , the ef®ciency of silencing was signi®cantly improved when the 23mer target regions were isolated from the highly structured TAR environment, indicating that highly structured local regions might interfere with the activity of RISC.
The possible participation of ribosomal complexes in the effects of siRNA on tight structures
Since the effects of siRNA depended to a signi®cant extent on tight structure, we examined whether there were any differences in the effects of siRNAs when a stop codon was located upstream or downstream of a target site. We postulated that the siRNA/RISC might potentially associate with the ribosome or some other aspect of the translation machinery (43) that might unwind a structured mRNA (39±42). To examine the effects of ribosomes and/or associated helicases on the activities of siRNAs, we deleted the stop codons upstream of the target sites of pGL3-3¢TAR-FWD to generate pGL3-3¢TAR-FWD(±). We compared the ef®ciencies of siRNAs when a stop codon was located upstream and downstream of the target site. Using 1 nM siRNA (Fig. 3) , we observed marginal enhancement of the activities of siRNAs when the stop codon was eliminated. However, the extent of the enhancement was signi®cantly smaller than when the target site within the tight TAR motif was isolated in pGL3-3¢(Target site)-FWD (Fig. 2B, top) . Although we cannot rule out the participation of ribosome complexes in the mechanism of RNAi, it seems that their effects as a helicase might be small, at least in the case of the tight structure of TAR (44) .
A small displacement of the target site changes the activities of siRNAs drastically but independently of the surrounding environment Since our data suggested that structural effects were dominant when target sites were embedded in a tight RNA structure, while positional effects were marginal in such cases ( Fig. 2A) , we examined the effect of sequence itself and of its composition by sliding each target site by a few nucleotides. To this end, we chose the sensitive Luc2 site from among the three target sites (Luc1±Luc3) within the GL2 luciferase gene that we had tested in the past (26, 44) . This site was not a particularly effective target for siRNA both in our previous study (26) and in the present study (see Luc2 in Fig. 4A and Luc1, Luc3 in Fig. 5A ). We prepared siRNAs targeted to sequences that were shifted by 2 or 4 bp from the original Luc2 site [Luc2(n), where n = ±4, ±2, +2, +4]. In the case of the Luc2 site, we observed~60% inhibition (Fig. 4A, black bars) . A shift of only two bases dramatically reduced the effect of siRNA [Luc2(+2)].
Next, to examine the environmental effects, we compared the ef®ciencies of siRNAs directed against the same target site in different mRNAs. For this purpose, we chose genes for two similar ®re¯y P.pyralis luciferases, GL2 and GL3, because they encode the same amino acid sequence but the homology between the two genes at the nucleotide level is only 95%. We were able, therefore, to choose ®ve identical target sequences around Luc2 in pTAR-GL2 and pGL3. Although the energetically most stable computer-predicted M-fold secondary structures of these mRNAs (45, 46) are quite different from each other, the patterns of effects of siRNAs were surprisingly similar for the two constructs pTAR-GL2 and pGL3 (Fig. 4A , black and gray bars). These observations suggest that the effects of the siRNA might be governed by the target site and, more speci®cally, that the effects might be governed by the sequence itself without any effect of secondary structure, in the absence of a tight structure such as that adopted by the TAR motif.
Although an earlier analysis indicated a slight correlation between the activities of siRNAs and their GC content (30) , the GC content of each of our siRNAs fell within a narrow range (32±47%). However, the effects of siRNA on Luc2 (47% GC) and on Luc2(+2) (42% GC) were, for example, very different. More recent studies, including our own, indicate that A or U at the 5¢ end of the antisense strand signi®cantly enhances activity of an siRNA (35, 36, 47, 48) . However, the relatively strong effect of Luc2 with a 5¢-GCCC-3¢ sequence having a tight 5¢ end of the antisense strand cannot be explained by this relationship. Nevertheless, other results, including those shown in Figure 4B with forward and reversed targets, can be explained by the contribution of the A or U at the 5¢ end of the antisense strand (see below).
The activities of siRNAs against sense and antisense target sequences are different
The sense target sites and the corresponding antisense target sites within the tight structure of the TAR motif were very similar with respect to the relative effects of siRNA ( Fig. 2A) . Therefore, we next examined the effects of siRNA on sense and antisense targets when the targets were not embedded in a tight RNA structure. We constructed derivatives of pGL3 with some targets of siRNAs in the forward orientation and some in the reverse orientation (Fig. 5A) . We chose ®ve target sites at, around and downstream of the stop codon in pTAR-GL2, and we placed this region either at a 5¢ site (pGL3-5¢Stop-FWD and pGL3-5¢Stop-REV) or at a 3¢ site (pGL3-3¢Stop-FWD and pGL3-3¢Stop-REV) in pGL3. When this region was placed at the 5¢ site (pGL3-5¢Stop-FWD), we included only three target sites (Stop3, Stop4 and Stop5) and omitted two other sites (Stop1 and Stop2) because the latter two sites produced an initiation codon, namely, AUG. Similarly, in the case of pGL3-5¢Stop-REV, Stop5 was omitted because the reverse sequence of Stop5 created the initiation codon AUG.
Supporting the results obtained with the 5¢ and 3¢ TAR constructs, there were no positional effects when the target region was placed at the 5¢ site or the 3¢ site (compare results indicated by gray and white bars in Fig. 5A ). As reported previously (49) , signi®cant effects of siRNA were clearly detectable even when noncoding regions were targeted. Moreover, the effects of siRNAs on the reversed sequence were remarkably high (Fig. 5A, bottom) . These results were unexpected in view of the results of the experiments with the TAR motif ( Fig. 2A) . We observed a similar discrepancy between the results for sense and antisense targets with other constructs that had a common surrounding environment ( Figs  4B and 5B). The difference in siRNA ef®ciency between sense and antisense targets was also reported recently by Schwarz et al. (35) .
Since the ef®cacy of our siRNAs depended mainly on the target sequence itself, we analyzed sequence preferences. We found, for example, that siRNAs with an A residue at the 19th nucleotide position from the 5¢ end of the sense strand tended to have relatively high suppressive activities (TAR4 siRNA for the forward target; and TAR4, Stop1 and Stop2 siRNAs for the reverse target were effective). Moreover, siRNAs with a G residue at the 19th nucleotide in the sense strand tended to be less effective [Luc2(±2), Luc2(+2) and Stop3 siRNAs for the forward target and TAR1 siRNAs for the reverse target were ineffective]. Statistical analysis, based on our accumulated data, indicated that some nucleotides at speci®c positions are positively or negatively correlated with the ef®ciencies of siRNAs (Table 2 ). It is noteworthy that a similar preference (A19 in siRNA; U1 in the miRNA) was observed for miRNA sequences (50) . This preference suggests a possible functional contribution of a U at the 5¢ end of an antisense strand to the activities of both siRNA and miRNA. Recently, the importance of the low internal stability of the 5¢ terminus of the antisense strand was also reported by Zamore's and Khvorova and Jayasena's groups (35, 36) . Furthermore, a U residue at 10th position in the sense strand (the middle nucleotide of the target) tends to be effective [TAR1 siRNA for the forward target and Luc2(±2), Luc2(+2), Stop1, Stop3 and Stop5 siRNAs for the reverse target were effective]. In our present experiments, these preferences can, by themselves, explain why reversed targets were attacked more effectively than the corresponding forward targets. We also found a signi®cant negative correlation between the GC content of the 3¢ half of siRNAs (in particular, from the 12th to the 19th nucleotide) and the activities of siRNAs. These tendencies can also be seen in another report by Vickers et al. (51) .
CONCLUDING REMARKS
To identify the major parameters that govern the effects of siRNA, we selected target sites for siRNAs in a coding region, in 5¢-and 3¢-untranslated regions, and in forward and reversed orientations. Our quantitative and systematic analysis of close to 50 different target sites revealed that the ef®cacy of siRNA was reduced when the target site was embedded within a tight RNA structure. Moreover, when a tight structure, such as that of TAR was involved, the effect of a protein, Tat, that interacts with the target was not signi®cant. Positional effects also seemed unimportant, and the ef®cacy of siRNA appeared mostly to depend on the target sequence itself, with surrounding sequences having no major effects.
Selection of effective target sites is very important for the successful application of siRNA technology. In our experience, the number of effective target sites for siRNAs appears larger than that for conventional antisense molecules, such as ribozymes, perhaps because RISC has RNA helicase activity. Nevertheless, even with siRNAs, if the appropriate targets are not selected, an increase in dose fails to compensate for the ineffectiveness of the siRNAs. Therefore, as in the case of both antisense technology and ribozyme technology, the selection of the target site remains one of the most important determinants of success. In the present study, we demonstrated that it is the target sequence itself that is the major determinant of the effectiveness of an siRNA, and it is now possible to identify some of the preferences for nucleotides at speci®c positions (35±37,47,48; http://www.igene-therapeutics.co.jp). It remains to be determined whether RISC prefers such motifs for formation of an effective complex but, nonetheless, the information that we have obtained should be very useful for future selection of target sites and the successful application of siRNA technology. 
